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摘  要 
聚乳酸－乙醇酸(PLGA)是一类重要的生物可降解材料。通过改变组成、分
子量等可以调节 PLGA 的生物相容性、生物降解速度、材料的强度和模量，因





子量的影响，结果表明：Tp越高，PLGA 的 wM 所能达到的最大值越小；欲获得
高分子量的 PLGA，最佳的 Tp范围为 160～170℃，最佳的反应时间范围为 57～
69h；在相同条件下，外加催化剂体系的反应速率比无催化剂体系大，但其最终
的 wM 比无催化剂体系小；在相同反应条件下，LA/GA 投料比越小，PLGA 的 wM
越大，当 LA/GA 投料比为 4:6 时，PLGA 的 wM 可达 7.5×10
4。DMTA 测试结果
表明：随着 LA/GA 投料比增大，玻璃化转变温度（Tg）升高，储能模量也增大；
但当 LA/GA 投料比为 5:5 时，Tg与储能模量最低。降解性能测试结果表明：PLGA
的降解是一个酸催化的过程；乳酸含量越低，降解速率越快，当乳酸与乙醇酸比
例为 5:5 时降解速率最快；在降解过程中，PLGA 的质量损失落后于分子量损失。   
为了改善 PLGA 力学性能，本文通过扩链改性在 PLGA 分子链中引入氨基甲
酸酯基以及 PEG 柔性嵌段。先以乳酸、乙醇酸、丁二醇为主要原料熔融缩聚合
成羟基封端的 PLGA（HO-PLGA），再以 PEG400 与 MDI 反应生成的-NCO 封端
的聚氨酯预聚物作为扩链剂对 HO-PLGA 进行扩链，得到一系列聚酯型聚氨酯
（PLGA-PU）。结果表明：当 nNCO:nOH=1.05 时，在 190℃下，对低酸值（0. 
893mgKOH·g-1）、高羟值（50.83mgKOH·g-1）的 HO-PLGA 进行扩链反应 15min，
可以得到 wM 最大（6.96×10
4）的 PLGA-PU。比较由一系列不同分子量（ nM 为
0.120×104～0.446×104）HO-PLGA 扩链改性得到的 PLGA-PU 的性能，结果表明：


















PLGA-PU 的降解速率越大；但由于 PEG400 亲水嵌段的引入，所研究的 PLGA-PU
的降解速率相差不是很大；与未扩链的 L-PLGA55 相比，PLGA-PU 的降解速率
与之相差不大，这说明扩链改性对 PLGA 的降解速率影响不大，PLGA-PU 的降




















Poly(lactic acid-co-glycolic acid) (PLGA) is one of the most important 
biodegradable polyester materials whose biocompatibility,degradation rate,strength 
and modulus can be tailored to different needs in biomedicine engineering field by 
adjusting monomer ratio and molecular weight.  
 Nowadays, PLGA is mostly prepared by ring-opening polymerization, but the 
resulting product is too expensive due to its complicated manufacture process.Melt 
polycondensation is one of the most economical ways to obtain PLGA. Therefore, 
PLGA was synthesized with lactic acid (LA) and glycolic acid (GA) by direct melt 
polycondensation without catalysts in this work. The effects of reaction time, 
polymerization temperature (Tp) and LA/GA feed ratio on weight average molecular 
weight ( wM ) were investigated. Results indicate that in the range of Tp we discussed, 
the maximal wM of PLGA decreases while Tp increases; the optimal condition to 
obtain high molecular weight product is to carry out the reaction at a Tp of 160~170 
℃ within a reaction time of 57~69h; under the same reaction condition, External 
catalyzed polymerization has a higher reaction rate than Self-catalyzed 
polymerization,but its maximal wM  is lower than that of Self-catalyzed 
polymerization; the wM  of PLGA increases while the LA/GA feed ratio decreases 
under the same reaction condition; the wM  of PLGA could achieve 7.5×10
4 when 
the LA/GA feed ratio is 4:6. Moreover, Results from DMTA indicate that Tg and 
modulus increase as the LA/GA feed ratio increases; Tg and modulus achieve their 
lowest values when the LA/GA feed ratio is 5:5. Results from test of degradation 
properties reveal that the degradation of PLGA is catalyzed by acid which releases 
from PLGA; the degradation rate decreases as the LA/GA feed ratio rises and its 
highest value comes along with the LA/GA feed ratio of 5:5; the molecular weight 
lost is followed by weight lost during degradation. 
 In order to improve its mechanical properties, PLGA was modified by 
















with diisocyanate. First of all, hydroxyl terminated PLGA(HO-PLGA) was 
synthesized by melt polycondensation of LA,GA and 1,4-butanediol; then –NCO 
terminated polyurethane(PU) was synthesized by reaction of PEG400 and MDI; 
finally, HO-PLGA was chain-extended by PU, which formed a series of 
poly(ester-urethane)s (PLGA-PU).Results indicate that when HO-PLGA with a low 
acid number（1 mgKOH·g-1）and a high hydroxyl number（50mgKOH·g-1） is 
chain-extended with a nNCO:nOH of 1.05 at a reaction 190℃ within 15 minutes, the 
resulting PLGA-PU can achieve a highest wM  of 6.96×10
4. Besides, various 
properties of PLGA-PUs with different HO-PLGAs ( nM ranged from 0.120×10
4to 
0.446×104) were investigated. It’s found that Tg and modulus increase with the 
increase of nM  of PLGA; elongation at break and tensile strength increase with the 
decrease of nM  of PLGA; the maximal tensile strength , modulus and elongation at 
break are 29.5MPa, 115.8Mpa and 22.2% respectively.The degradation rate of 
PLGA-PU increases with the increase of nM  of HO-PLGA, but they are in the same 
level because of the existence of PEG400 segments.PLGA-PU has a degradation rate 
in the same level as L-PLGA55,which means the degradation rate of PLGA-PU lies 
on the structure of HO-PLGA but has nothing to do with chain extension. 
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Tab1.2 Compare of performance among several typical poly(α-hydroxy acid)s[16] 
聚合物 熔点/℃ 玻璃转化温度/℃ 抗张模量/Gpa 降解时间/月* 
PGA 225~230 35~40 7.0 6~12 
PLLA 173~178 60~65 2.7 >24 
PDLLA 非晶态 55~60 1.9 12~16 
85/15PDLLGA 非晶态 50~55 2.0 5~6 
75/25PDLLGA 非晶态 50~55 2.0 4~5 
65/35PDLLGA 非晶态 45~50 2.0 3~4 





图 1.4 聚 α-羟基酸主要用途 
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